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(57) ABSTRACT 

A fuel injector for an internal-combustion engine houses, in a 
hollow injector body of its oWn, an injection-control Valve, 
the Valve body of Which delimits, together With the injector 
body, an annular chamber designed to receive a fuel under 
pressure, and insulated in a ?uid-tight Way by a seal member 
carried by the Valve body and made of plastic material. 

14 Claims, 2 Drawing Sheets 
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FUEL INJECTOR FOR AN 
INTERNAL-COMBUSTION ENGINE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a fuel injector for an inter 

nal-combustion engine. 
In particular, the present invention relates to an injector of 

the type comprising a holloW injector body, Which has an axis 
of its oWn and delimits a seat for housing an injection-control 
valve. The valve in turn comprises a valve body of a tubular 
shape inserted and blocked inside the seat of the injector body 
coaxially to the cited axis by means of a ring-nut screWed into 
the seat on the injector body to force an external ?ange of the 
valve body against an internal shoulder of the injector body 
itself. The valve further comprises an open/close element 
pressed against a head surface of the valve body by an elastic 
thrust element, and an electric actuator set along the aforesaid 
axis to exert an action countering the one exerted by the 
elastic element and to enable the open/close element to set 
itself at a distance from the aforesaid head surface. BetWeen 
the valve body and the injector body there is obtained an 
annular chamber, into Which there is an outlet for pipe for 
supply of fuel under pressure to be injected. The chamber, 
Which shares the aforesaid axis, is delimited in an axial direc 
tion by tWo shoulders facing one another, one of Which is 
carried by the injector body and the other by the valve body. 
For the purpose of preventing leakage of fuel betWeen the 
injector body and the valve body, against the shoulder of the 
injector body there is set a ring seal made of elastomeric 
material. On the shoulder of the valve body there acts, instead, 
in use, the pressure of the fuel contained in the annular cham 
ber, generating an axial thrust directed toWards the ring-nut. 

2. Description of the Related Art 
Albeit universally used, knoWn injectors of the type 

described above are far from ef?cient and reliable and hence 
are not altogether satisfactory, above all When the regulation 
of the injection is carried out With particularly contained 
strokes or lifts of the open/close element. 
The inef?ciency can basically put doWn to the fact that, on 

account of the particular conformation of the annular seat that 
receives the fuel under pressure, the fuel itself generates on 
the valve body axial thrusts opposite to the elastic thrust 
exerted by the elastic body on the open/close element. Said 
thrusts, Which are proportional to the pressure of introduction 
of the fuel, are unloaded on the injector body through the 
ring-nut and deform the valve body elastically. Consequently, 
during operation of the injector, the open/close element and 
the electric actuator are set in relative positions different from 
the ones envisaged in the design stage, and hence the effective 
lifts of the open/close element, i.e., in operating conditions, 
are different from the ones envisaged. 

Furthermore, since the elastic deformations of the valve 
body are normally of the order of a feW micron and strictly 
linked to the instantaneous value of the pressure of the fuel in 
the annular chamber, they do not represent a ?xed offset With 
respect to the static situation in the absence of pressure, and 
hence can in no Way be compensated for in the stage of setting 
of the injector. 

BRIEF SUMMARY OF THE INVENTION 

One purpose of the present invention is to provide a fuel 
injector, the characteristics of construction of Which Will pro 
vide a more ef?cient fuel injector in a simple and economi 
cally advantageous Way. 
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2 
According to the present invention, a fuel injector for an 

internal-combustion engine is provided, comprising: an 
injector body having a seat; an injection-control valve, com 
prising a valve body set in said seat for delimiting an annular 
chamber designed to receive a fuel under pressure; and ?rst 
and second ?uid-tight means set on opposite axial sides of 
said annular chamber for insulating the chamber in a ?uid 
tight Way, said second ?uid-tight means comprising a seal 
member set betWeen said injector body and said valve body, 
said injector being characterized in that said seal member is 
carried by said valve body. 

Preferably, in the injector de?ned above, said seal member 
is a body made of plastic material. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

The invention Will noW be described With reference to the 
annexed plate of draWings, Which illustrate a non-limiting 
example of embodiment thereof, and in Which: 

FIG. 1 is a cross-sectional vieW, With parts removed for 
reasons of clarity, of a fuel injector made according to the 
teachings of the present invention; 

FIG. 2 is a cross-sectional vieW of a ?rst variant of an item 
represented in FIG. 1; and 

FIG. 3 is a partially sectioned vieW of a second variant of an 
item represented in FIG. 2. 

DETAILED DESCRIPTION OF THE INVENTION 

In FIG. 1, the reference number 1 designates, as a Whole, a 
fuel injector for an internal-combustion engine E illustrated 
in a schematic Way and With a dashed line in FIG. 1. 

The injector 1 comprises: a tubular-shaped injector body 2 
having an axis 3; a servo-valve 4 housed in a seat 5 of the 
injector body 2; a connector 6 for connecting the injector 1 to 
a pipe 7 for supply of fuel at a pressure higher than one 
thousand bar; and a rod 8, Which is set partially in a chamber 
9 of the servo-valve 4 and is mobile in a direction D1 parallel 
to the axis 3. 

In the sequel of the present treatment, the reference number 
3 designates both the axis of the injector body 2 and the axis 
of the injector 1, Which, in effect, coincide. 
The injectorbody 2 has a substantially cylindrical side Wall 

10, in Which the seat 5 is made. The side Wall 10 has tWo 
cylindrical axial end stretches, designated by 11 and 12, 
Which extend sharing the same axis 3, and of Which the stretch 
11 has a diameter greater than the stretch 12. The stretches 11 
and 12 are adapted to one another by a radial shoulder 13 
orthogonal to the axis 3. Provided on the stretch 12 is a 
circumferential annular recess 15, Which communicates With 
the supply pipe 7 through a passage 16 made through the 
stretch 12. 
Once again With reference to FIG. 1, the servo-valve 4 

comprises a T-shaped valve body 17, and has a head 17a of its 
oWn ?xed to the injector body 2 by means of a ring-nut 18, 
Which pushes the head 1711 against the shoulder 13 of the 
injector body 2, providing a ?uid-tight coupling. The servo 
valve 4 further comprises an actuator device 20 coaxial to the 
rod 8 and provided With an electromagnet 21. The servo-valve 
4 further comprises: an anchor 22, Which has a sectored 
con?guration and is axially slidable in the stretch 11 under the 
action of the electromagnet 21; and a pre-loaded spring 24, 
Which is surrounded by the electromagnet 21 and exerts an 
action of thrust on the anchor 22 in a direction opposite to the 
attraction exerted by the electromagnet 21 itself. 
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According to What is illustrated in detail once again in FIG. 
1, the chamber 9 is axially delimited betWeen a terminal 
surface 25 of the portion 26 of the rod 8 and an end disk 27 
housed inside the chamber 5 of the injector body 2 in a ?xed 
position betWeen the actuator device 20 and the head 17a of 
the valve body 17. 

The chamber 9 communicates permanently With the pipe 7 
for receiving fuel under pressure through a radial calibrated 
duct 29 made in the valve body 17 and an annular chamber 3 0. 
The chamber 30, Which is made in a position adjacent to the 
head 17a, is delimited by the recess 15, at one side, and an 
intermediate cylindrical portion of the valve body 17 itself. 

The chamber 9 moreover communicates, via a calibrated 
duct 32 sharing the axis 3, With a further chamber 33, Which 
also shares the same axis 3 and is made in a distribution body 
35 set in an intermediate axial position betWeen the disk 27 
itself and the actuator device 20. 

The body 35 comprises a base 36 axially packed tight 
against the disk 27, in a ?uid-tight Way and in a ?xed position, 
by means of a ring-nut 18 screWed to an internal surface of the 
stretch 11 and axially coupled so that it bears upon an external 
annular portion of the base 36. The body 35 further comprises 
a stem or pin 37, Which extends from the base 36 along the 
axis 3 on opposite sides of the base 36 With respect to the disk 
27, is delimited on the outside by a cylindrical surface 39, and 
is made of a single piece With the base 36. 
Once again With reference to FIG. 1, the chamber 33 

extends through the base 36 and part of the stem 37, sharing 
the axis 3, and communicates, on diametrically opposite 
sides, With respective radial holes 41 made in the stem 37. The 
holes 41 give out, in an axial position adjacent to the base 36, 
into an annular chamber 42 dug along the surface 39. 

The chamber 42 de?nes, in a radially external position, an 
annular gap or port designed to be opened/ closed by an open/ 
close element de?ned by a sleeve 43 actuated by the actuator 
device 20 for varying the pressure in the control chamber 9 
and, hence, controlling axial translation of the rod 8. 

The sleeve 43 is made of a single piece With the anchor 22 
and has an internal cylindrical surface coupled to the surface 
39 substantially in a ?uid-tight Way so as to slide axially 
betWeen an advanced end-of-travel position and a retracted 
end-of-travel position. 

In particular, in the advanced end-of-travel position, the 
sleeve 43 closes the external annular gap of the chamber 42 by 
being coupled so that it bears, at one 44 of its ends, upon a 
conical shoulder 45, Which connects the surface 39 of the 
stem 37 to the base 36. In this position, the fuel exerts a Zero 
resultant force of axial thrust on the sleeve 43, since the 
pressure in the chamber 42 acts radially on the internal cylin 
drical surface of the sleeve 43 itself. 

In the retracted end-of-travel position, the end 44 of the 
sleeve 43 is set at a distance from the shoulder 45 and delimits 
thereWith a gap for passage of the fuel toWards an annular 
channel 48 delimited by the ring-nut 18 and by the sleeve 43 
itself. The annular channel 48 communicates, through the 
cavity 49 of the injector body 2, With a respective exhaust or 
recirculation pipe (not illustrated). 

Once again With reference to FIG. 1, the valve body 17 
comprises, in addition to the head 1711, a cylindrical holloW 
stem 17b, With axis 3, Which extends inside the stretch 12 of 
the seat 5, and is provided With an annular groove 50, Which 
is made on an intermediate stretch of the stem 17b set under 
neath, and axially at a distance from, the annular chamber 30. 
The groove 50 is engaged by an annular seal body 51, Which 
is made of an appropriate plastic material, preferably PTFE 
With bronZe ?llers, or of materials knoWn by the commercial 
names “Turcite” or “Turcon”, and projects in cantilever fash 
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4 
ion from the outer periphery of the stem 17b to co-operate, by 
bearing thereupon, With an appropriate shoulder ?xed to the 
valve body 17 and by radial coupling With a portion of the 
stretch 12 adjacent to the annular chamber 30 for providing 
?uid tightness. Conveniently, the body 51 is directly moulded 
onto the stem 17b, so as to render it integral With the valve 
body, by deposition of the material forming the body 51 itself 
directly in the groove 50. 

Alternatively, according to What is illustrated in FIG. 2, the 
body 51 is replaced With a helical body 53, having preferably 
one complete turn and tWo truncated end turns. The helical 
body 53 is made separately from the valve body and is sub 
sequently coupled to the valve body by being inserted into the 
seat 50. 

In the further variant illustrated in FIG. 3, the stem 17b is 
Without external grooves, has a rectilinear generatrix and 
carries, ?tted so that it is axially ?xed, an additional support 
ing body 55, on Which there rests an annular body 56, Which 
also extends beyond the outer periphery of the stem 17b and 
of the additional body 55 to provide ?uid tightness. 

In use, the fuel under pressure introduced into the annular 
chamber 30 exerts, on the bodies 51, 53 or 56, an axial thrust 
directed doWnWards, i.e., toWards the nebuliZer element (not 
illustrated). Since said bodies are carried by the valve body, 
said thrust is unloaded onto the valve body. Said thrust has a 
direction opposite to the one exerted by the pressure on the 
valve body itself on account of the seal provided by coupling 
of the head 17a of the valve against the shoulder 13. The valve 
body is hence subjected to the action of tWo thrusts acting in 
opposite directions and of a substantially equal magnitude 
and is hence substantially balanced. Said balancing prevents 
displacements and/or elastic local deformations of the valve 
body itself in the direction of the actuator device 20, ensuring, 
in this Way, a substantial geometrical invariance of the valve 
body and a constancy of relative positioning of the various 
parts in relative motion irrespective of the pressure of the fuel. 

Moulding of seal bodies directly on the valve body enables 
the seal body to be blocked in a permanent Way on the valve 
body. The use of helical seal bodies and/or of an additional 
supporting body enables, instead, the operations of installa 
tion of the seal body on the valve body to be simpli?ed and 
speeded up, guaranteeing, hoWever, at the same time, a stable 
and correct positioning and an effective seal. 

From the foregoing description it appears clearly evident 
that modi?cations and variations can be made to the injector 
1 described herein, Without departing from the sphere of 
protection de?ned by the ensuing claims. In particular, the 
seal bodies carried by the valve body can be made in Ways that 
differ from the ones indicated herein and using materials that 
are different from the ones described purely by Way of 
example. 

All of the above US. patents, US. patent application pub 
lications, US. patent applications, foreign patents, foreign 
patent applications and non-patent publications referred to in 
this speci?cation and/or listed in the Application Data Sheet, 
are incorporated herein by reference, in their entirety. 
From the foregoing it Will be appreciated that, although 

speci?c embodiments of the invention have been described 
herein for purposes of illustration, various modi?cations may 
be made Without deviating from the spirit and scope of the 
invention. Accordingly, the invention is not limited except as 
by the appended claims. 
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The invention claimed is: 
1. A fuel injector for an internal-combustion engine, com 

prising: 
an injector body including a substantially cylindrical side 

Wall having a longitudinal axis and an inner surface 
forming a ?rst shoulder; 

an injection-control valve including a valve body ?xedly 
positioned in said injector body and delimiting an annu 
lar chamber con?gured to receive a fuel under pressure, 
said valve body forming a fuel chamber con?gured to 
communicate fuel in a ?rst direction aWay from the valve 
body toWard a servo-valve, said valve body having a 
head, a duct in ?uid communication With the annular 
chamber and the fuel chamber to communicate fuel ther 
ebetWeen, the head sealingly positioned against the ?rst 
shoulder, introduction of fuel to the annular chamber 
and through the duct and fuel chamber subjecting the 
valve body to a ?rst thrust along the ?rst direction; 

a support surface formed in, or ?xedly attached to, an outer 
surface of the valve body facing the inner surface of the 
injector body, the support surface being spaced from the 
annular chamber in a second direction, opposite the ?rst 
direction; and 

a seal member positioned betWeen said inner surface of the 
injector body and said outer surface of the valve body, 
said seal member being supported by said support sur 
face against movement in the second direction, said seal 
member being subjected to a pressure of the fuel reach 
ing the seal member from the annular chamber betWeen 
the outer surface of the valve body and inner surface of 
the injector body during operation, the support surface 
being subjected to a second thrust resulting from the fuel 
pressure on the seal member, the support surface trans 
ferring the second thrust to the valve body in the second 
direction, preventing one-sided thrust loading of the 
valve body. 

2. The injector according to claim 1, Wherein said seal 
member is a body made of plastic material. 

3. The injector according to claim 1, Wherein said support 
surface includes a recess, the seal member being radially 
coupled to or bearing against said inner surface of said sub 
stantially cylindrical sideWall adjacent to said annular cham 
ber. 

4. The injector according to claim 1, Wherein said support 
surface includes an outer perimetral seat, and said seal mem 
ber is partially supported by said perimetral seat. 

5. The injector according to claim 4, Wherein said perime 
tral seat is a circumferential seat. 

6. The injector according to claim 1, Wherein said seal 
member is integral With said valve body. 

7. The injector according to claim 6, Wherein said seal 
member is moulded directly on said valve body by depositing 
the material in said groove. 

8. The injector according to claim 1, Wherein said seal 
member is distinct from said valve body and has a helical 
shape. 

9. The injector according to claim 1, Wherein said seal 
member is coupled to a supporting body distinct from said 
valve body and stably connected to the valve body. 
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10. The injector according to claim 9, Wherein said sup 

porting body is ?tted on said valve body. 
11. The injector according to claim 1, Wherein said sub 

stantially cylindrical side Wall includes tWo cylindrical 
stretches adapted to each other by said ?rst shoulder. 
12.A fuel injector for an intemal-combustion engine, com 

prising: 
an injector body having an axis and an inner surface con 

centric about the axis, the inner surface including a ?rst 
shoulder; 

an injection-control valve including a valve body ?xed in 
the injector body Within at least a portion of the inner 
surface, the valve body having a generally laterally 
extending head portion and a generally axially extend 
ing stem portion, the head portion being forced against 
the ?rst shoulder, forming a ?uid tight coupling therebe 
tWeen and ?xing the valve body in the injector body, the 
valve body forming a fuel chamber con?gured to com 
municate fuel in a ?rst direction aWay from the stem 
toWard and out of the head, the valve body having a duct 
in ?uid communication With the fuel chamber to intro 
duce fuel thereto; 

an annular chamber formed at least in part by the valve 
body and in ?uid communication With the duct, the 
annular chamber con?gured to receive fuel and direct 
the fuel through the duct to the fuel chamber, introduc 
tion of fuel to the annual chamber and through the duct 
and fuel chamber subjecting the valve body to a ?rst 
thrust along the ?rst direction; 

an annular groove formed in the stem portion of the valve 
body and spaced from the annular chamber in a second 
direction, opposite the ?rst direction; and 

a seal positioned in the annular groove betWeen the valve 
body and the injector body, the annular groove support 
ing the seal against movement in the second direction, 
the seal being subjected to a pressure of the fuel reaching 
the seal member from the annular chamber betWeen the 
outer surface of the valve body and inner surface of the 
injector body during operation, the groove being sub 
jected to a second thrust resulting from supporting the 
seal against the fuel pressure on the seal member, the 
groove transferring the second thrust to the valve body in 
the second direction, preventing one-sided thrust load 
ing of the valve body. 

13. The fuel injector according to claim 12, further com 
prising: 

a ring-nut threadedly coupled on an outer surface thereof to 
the inner surface of the injector body, the ring-nut oper 
able to selectively force the head portion of the valve 
body against the ?rst shoulder of the injector body. 

14. The fuel injector according to claim 12 Wherein the 
head portion of the valve body extends substantially laterally 
With respect to the axis of the injector body and the stem 
portion of the valve body extends substantially axially, the 
head and stem portions forming a generally T-shaped struc 
ture, the stem portion having an outer surface adjacent a 
portion of the inner surface of the injector body, the outer 
portion of the stem having the annular groove and captively 
receiving the seal member. 

* * * * * 


